Work piece surfaces produced by wire EDM can exhibit surface alterations resulting from rapid heating and quenching during machining. The thermally altered layers have tremendous impacts on mechanical properties of machined product. Multi-cutting passes of brass wire into stainless steel sheet SS304 has been suggested in this paper. Three holes was machined at one cutting passes, two cutting passes and three cutting passes respectively and the effect on surface roughness of machined steel was investigated. Visual micro-structure study has been done to explore the existence of white layer and Heat Affected Zone (HAZ) layer. Based upon experimental result, the surface roughness is decreased with the increment of cutting passes. The white layer only formed at first cutting part and did not appear at two and three cutting passes.
Introduction
Wire Electrical Discharge machining (WEDM) is a widely used machine for the manufacturer to produce precision components such as mechanical parts, surgical tools and molds. The process is thermal in nature with material removal occurring by the discharge of energy between a tool and workpiece electrode. One of the favorable materials is stainless steel due to its high hardenability, well mechanical property and corrosion resistance [1] .
The EDM machine converts the electrical energy into thermal energy in the plasma discharge channel during the spark discharge. The thermal energy melts and vaporizes workpiece material during the process. The molten workpiece and electrode-materials solidify on the work surface and flushed away by dielectric fluid. This process continues at the rate of over 20,000 cycles per second. However, due to the rapid heating and cooling effects induced by the machining process, a thermally affected layer will form on the surface of the machined component comprise two layer: the recast layer or white layer and the heat affected zone (HAZ). The structure of this layer is more hard and brittle, and although it is beneficial in terms of enhanced abrasion and erosion resistance, the defects between it, such as void and cracks can give negative impact to original characteristic of stainless steel. [2] When the component is subjected to the impacts and stresses associated with a typical working environment, it is found that these cracks are the primary cause of component failure.
The machined surface may need an additional process to improve the quality of the surface. Unfortunately, removing this layer by grinding is always problematic, and especially so when the dimensions of the component are small. It is better to control the machining process parameters to overcome this matter. [3] Therefore, a study to investigate the effect of multi cutting passes of wire EDM into stainless steel sheet is presented in this paper. The finishing of surface for each passes was analyzed quantitatively and qualitatively. As demands on fine surface finish and better surface integrity of WEDMed product, this research will focused on finishing behavior through microscopic examination and roughness evaluation.
Experimental procedure
A sheet of 3mm thick stainless steel was subjected to multi-cutting passes by wire electrical discharge machining (WEDM) with negatively polarized wire electrode (NPWE). The composition of the Stainless Steel 304 is shown in Table 1 . The cutting process was carried out using CNC 2000 Mitsubishi RA90 WEDM machine. The machine is capable to travels at X320 Y 205 and Z 1750. It is a type of non submerged machine with auto wire feed. Brass wire of 0.20 mm diameter was used as tool electrode in the experimental set up. This is a diffused wire of brass. Deionized water was used as a dielectric fluid.
Working condition
The stainless steel sheet was being drilled a few holes for the ease of wire electrode fed through the holes during cutting process. Different cutting passes is being done into three rectangular holes by using EDM Wire Cut as shown in Fig.1 . The first cut was done by the electrode passing the first hole one time cut. The second cut is the cut where the electrode passes the second hole by two times cut.
The last cut which is the third cut is where the electrode cut the material three time passes. The suitable machining parameters for 3mm thickness stainless as shown in Table 2 which is chosen by referring to RA SERIES manual reference data sheet in laboratory. In the first cutting pass which is also known as rough cut, the highest feed rate cutting (FC) and the largest liquid quantity (LQ) were applied. The nozzle gap lay between 0.3 mm upper and 0.1mm lower. Metallographic samples was prepared conventionally by using FORCIROL 2V Metallorgraphy Grinder and Polisher which consists of double polishing wheels. The sliced specimen was mounted by hardened resin and needs for 30 minutes preparation. Microstructure examination of the specimen was conducted using Olympus BX 60M optical microscope and JEOL JSM-6380LA scanning electron microscope (SEM) whereby the elemental composition can be analyzed. Inspection on structure and heat affected zone (HAZ) distribution of the finished surfaces that subjected to multi-cutting passes samples was discovered .Surface features are measured by SJ-400 series of surface roughness tester.
Result and Discussion

Surface Investigation
The average surface roughness value Ra (µm) measured from laboratory was compared to theoretical value stated in RA SERIES reference data sheet ( Table 2 ). The highest average of surface roughness a R goes to first cut which experimental value was equal to 1.26 µm. It gives 47.50% difference from expected value (refer to Fig.2 ). However, second and third cut gives better agreement between experimental and theoretical value. Fig.2 shows surface roughness in first cutting pass was higher than two cutting and three cutting passes for both theoretical and experimental result. This means that single cutting pass has more rough surface compared to three cutting passes which has smoother and finer surfaces. It is seen from the plotted graph, the average surface roughness is decreased with the increment of cutting passes. This is proven that employing the more cutting passes can reduce surface roughness due to the decrement of recast material on the finished surface layer. Good accuracy with better and smoother surface finish could be achieved by using three cutting passes rather than only one cutting passes or two cutting passes.
Microstructure Examination
The optical microscopy was used in this study to investigate the structure of the cutting surface and heat affected zone (HAZ). The cutting surfaces of samples were zoomed at a magnification of 10 times.
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Cutting Process Offset
Step Craters and gas holes were developed on the surface of specimen after first cutting pass. It can be seen from the micrograph (Fig. 3 a) , the brown spots which represent gas holes are randomly spread onto the surface that causes from melting and recast process during machining. Also from the micrograph, one cutting pass has most irregular surface. There is no virtual difference in the micrograph of the surfaces resulted from two to three cutting passes. Nevertheless, only a small amount of craters and gas holes were observed in second cut (Fig. 3 b) and third cut ( Fig. 3 c) . However, matte surface with many fine nodules was observed in three cutting passes that has less porous and less coarse in texture if compared to rough cutting (first cut) and two cutting passes.
Heat Affected Zone (HAZ) Inspection
The examination of a section of the surface layer produced by EDM reveals that three layers were created on the top of the unaffected workpiece specimen. The first layer was splattered EDM surface layer which is also being called as redeposited layer (Fig. 4 ). This layer can be reduced or removed by polishing to avoid cause of premature failure of the part in some applications. The next layer developed was the recast (white) layer. The action of EDM has actually altered metallurgical structure and characteristics in the recast layer. This is formed by the un-expelled molten metal solidifying in the crater. The molten metal is rapidly quenched by the dielectric [4] Beneath the white layer is heat affected zone (HAZ) or annealed layer which has only been heated, not melted. Some study proved that this layer is minimally affected by the carbon enrichment of the white layer, having been thermally treated, but not to the point of reaching melting temperature. At this point, the heat affected zone retains the metallurgical structure of the parent material as the temperature absorbed is not to the level to change the structure.
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It is seen from the Fig.5(a) , the white layer was formed in a first sample which going through one cutting passes. Meanwhile, the altered recast layer did not appear when the samples going two and three cutting passes. Fig5 . Cross-section of die sink machined specimens at the edge of (a) 1 st cut specimen (b) 2 nd cut specimen (c) 3 rd cut specimen at magnificent of 20 times and 100 times.
The existence of small crater and loose deposit particles within the white layer and HAZ layer at one and two cutting pass, Fig.5 (a,b) , was explained by the action of the heat generated during machining makes the stainless steel and small part of electrode melted and vaporized and some of them deposited at machined surface. [1] . The crater may contain small crack and gives bad influence on surface integrity of machined part. Interestingly, the 3 rd sample which going three cutting passes Fig.5 (c) presents a smooth, fine surface without an existence of any craters or flaws. The heat affected zone (HAZ) layer was determined at each sample, but the thickness decreased as the number of passing cut increase. The
